A simple and sensitive kinetic spectrophotometric method was developed for the determination of fexofenadine hydrochloride in bulk and pharmaceutical preparations. The method is based on a kinetic investigation of the oxidation reaction of fexofenadine using alkaline potassium permanganate as an oxidizing agent at room temperature. The reaction is followed spectrophotometrically by measuring the increase of absorbance owing to the formation of manganate ion at 610 nm. The initial rate and fixed time (at 15 min) methods are utilized for construction of calibration graphs. All the reaction conditions for the proposed method have been studied. The linearity range was found to be 2.5-50.0 g mL −1 with detection limit of 0.055 g mL −1 for both initial rate and fixed time methods. The proposed method was applied successfully for the determination of fexofenadine in pharmaceutical formulations; the percentage recoveries were 99.98-101.96%. The results obtained were compared statistically with those obtained by the official method and showed no significant differences regarding accuracy and precision.
Introduction
Fexofenadine, (±)-4-[1-hydroxy-4-[4-(hydroxyl diphenylmethyl)-1-piperidinyl]butyl]-alpha, alpha-dimethyl benzene acetic acid, an active metabolite of terfenadine, is a selective histamine H 1 -receptor antagonist and is clinically effective in the treatment of seasonal allergic rhinitis and chronic idiopathic urticaria as a first-line therapeutic agent, such as loratadine and cetirizine [1] . Several methods for the determination of fexofenadine hydrochloride in pharmaceutical formulations and biological fluids have been reported including HPLC [2] [3] [4] [5] , spectrophotometry [5] [6] [7] [8] [9] , extractive spectrophotometry and conductometry [10] , spectrofluorometry [11] , potentiometry [12] , and capillary electrophoresis [13, 14] . Fexofenadine hydrochloride has been determined in combination with other drugs using HPLC [15] [16] [17] [18] [19] , HPTLC [20] , and spectrophotometry [21] [22] [23] in combined dosage forms. Fexofenadine has been determined in human plasma by HPLC with UV detection [24] , fluorescence detection [25] , and tandem mass spectrometry detection [26] [27] [28] .
Kinetic methods have certain advantages in pharmaceutical analysis regarding selectivity and elimination of additive interferences, which affect direct spectrophotometric methods. The literature is still poor in analytical assay methods based on kinetics for the determination of fexofenadine in dosage forms. Some specific advantages that the kinetic methods possess are as follows: simple and fast methods because some experimental steps such as filtration and extraction are avoided prior to absorbance measurements; high selectivity since they involve the measurement of the absorbance as a function of reaction time instead of measuring the concrete absorbance value; other active compounds present in the commercial dosage forms which may not interfere if they are resisting the chemical reaction conditions established for the proposed kinetic method, and colored and/or turbid sample background which may not possibly interfere with the determination process [29, 30] .
In our study fexofenadine was found to react with permanganate in alkaline medium; the reaction yielded a bluish green manganate with a max at 610 nm. This color reaction was studied for the direct spectrophotometric determination of the drug. Optimum conditions were established and the method was validated for linearity, sensitivity, accuracy, and precision. The validated method when applied to the determination of FEX in formulations yielded results which were in agreement with the label claim.
Experimental
2.1. Apparatus. A Jasco V-530 UV-VIS spectrophotometer (Japan) with 1 cm quartz cells was used for all absorbance measurements under the following operating conditions: scan speed medium (400 nm/min), scan range 350-700 nm, and slit width 2 nm. Spectra were automatically obtained by Jasco system software. pH measurements were made with Consort C830 (Belgium) with combined glass pH electrode.
Reagents and Materials.
All chemicals and reagents used throughout this work were of analytical reagent grade and supplied by Merck (Germany) and solutions were made with doubly distilled water. Fexofenadine hydrochloride (FEX) was obtained from Chem Pharma (India). The purity of FEX was found to be 99.86% according to BP [31] . Pharmaceutical preparations containing FEX were purchased from commercial sources in the local market.
Stock solutions, 1.0 × 10 −2 M of potassium permanganate and 1.0 M of sodium hydroxide, were prepared by dissolving the accurately weighed amounts of the pure solid in doubly distilled water. Absolute methanol was used to prepare the drug sample solution. Stock solution, 0.25 mg mL −1 of FEX, was prepared in doubly distilled water, stored in dark bottles, and kept in the refrigerator for no more than 10 days. Other concentrations of working solutions were then prepared by suitable dilution of the stock solution with water.
2.3. Procedure for Initial Rate Method. Aliquots of 2.5-50 g mL −1 of FEX test solution (0.10-2.00 mL, 0.25 mg mL −1 ) were pipetted into a series of 10 mL volumetric flask. 1.0 mL of potassium permanganate solution (0.01 M) was added followed by 1 mL of sodium hydroxide solution (1.0 M) to each flask and then diluted to the volume with double distilled water at 25 ∘ C. The content of mixture of each flask was mixed well and the increase in absorbance at 610 nm was recorded as a function of time over 0-20 min against reagent blank treated similarly. The initial rate of the reaction (]) at different concentrations was obtained from the slope of the tangent to absorbance time curves. The calibration graphs were constructed by plotting the logarithm of the initial rate of the reaction (log ]) versus logarithm of molar concentration of FEX (log ). (1.0 M) to each flask and then diluted to the volume with double distilled water at 25 ∘ C. The content of mixture of each flask was mixed well and the absorbance of each sample solution at preselected fixed time (15 min) was accurately measured and plotted against the final concentration of the drug.
Procedure for Pharmaceutical Formulations.
Twenty tablets were weighted accurately and crushed to a fine powder. In the case of capsules, the contents of twenty capsules were completely evacuated from shells. An accurately weighed quantity of the powder equivalent to 25 mg of the cited drug was dissolved in 50 mL of methanol and mixed for about 15 min and then filtered through Whatman filter paper number 40. The methanol was evaporated to dryness. The remaining portion of solution was dissolved in a 100 mL volumetric flask to the volume with double distilled water to achieve a concentration of 0.25 mg mL −1 . The general procedure was then followed in the concentration ranges mentioned above.
Results and Discussion
Potassium permanganate in alkaline medium oxidizes FEX and yields the bluish green color due to the production of manganate ion which is absorbed maximally at 610 nm as shown in Figure 1 . The absorbance of the reaction product remains stable for at least 60 min. The increase in the intensity of the color by time was used as a basis for a useful kinetic method for the determination of FEX in pharmaceutical formulation.
Optimization of Reaction Conditions.
The spectrophotometric properties of the colored product as well as the different experimental parameters affecting the color development and its stability were studied and optimized by changing each variable in turn, while keeping all the others constant. The effect of potassium permanganate concentration on the reaction was studied over the range The effect of temperature on the reaction of FEX with KMnO 4 in alkaline medium was studied at different values (20 − 55 ∘ C) by continuous monitoring of the absorbance at 610 nm. It was found that the reaction with KMnO 4 was not affected by increasing the temperature, and the reaction at laboratory ambient temperature (25 ± 5 ∘ C) went to completion within 15 min. The results revealed that increasing the temperature (> 55 ∘ C) had negative effect on the absorption values of the reaction solution.
Quantitation Methods.
Because the intensity of the color increased at 610 nm with time ( Figure 3 ), this was used as the basis for a useful kinetic method for the determination of FEX. The initial rate, rate constant, fixed absorbance, and fixed time methods [32, 33] were tested and the most suitable analytical methods were chosen regarding the applicability, sensitivity, and the values of the intercept and correlation coefficient 3.2.1. Initial Rate Method. The initial rate of reaction would follow a pseudo order rate constant and obeyed the following rate equation:
where ] is the reaction rate, is the absorbance, is the measuring time, is the pseudo order rate constant, is the concentration of the drug mol/L, and is the order of the reaction. A calibration curve was constructed by plotting the logarithm of the initial rate of reaction (log ]) versus logarithm of drug concentration (log ) which showed a linear relationship over the concentration range of 2.5-50.0 g mL −1 (Figure 4 ). The logarithmic form of the above equation is written as follows:
( 2 = 0.9996) .
(
Thus, = 3.78 S −1 , and the reaction is the first order ( = 0.9269 ≈ 1) with respect to FEX concentration.
Rate Constant Method.
The logarithm of the absorbance of reaction versus time for each concentration of FEX studied over the concentration range of 2.5-50.0 g mL −1 (Figure 3 ) was calculated. Graphs of log absorbance versus time for FEX concentration in the range of 30.0-45.0 g mL −1 (5.57 × 10 −5 -8.36 × 10 −5 M) were plotted and all appeared to be rectilinear. Pseudo order rate constants ( ) corresponding to different FEX concentrations were calculated from the slopes multiplied by −2.303 and are presented in Figure 5 . Regression of versus gave the following equation: FEX was plotted ( Figure 6 ) and the following equation of calibration graph was obtained: 1 = −0.00334 + 70.847 ( 2 = 0.9884) .
The range of FEX concentrations giving the most satisfactory results was limited 30.0-50.0 g mL −1 (5.57 × 10 −5 -9.29 × 10 −5 M).
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Fixed Time Method.
At preselected fixed time, the absorbance of bluish green colored solution containing varying amounts of FEX was measured at 25 ∘ C and 610 nm. Calibration graphs were constructed by plotting the absorbance against the initial concentration of FEX at fixed time 0-30 min. The regression equations, correlation coefficients, and linear ranges are given in Table 1 .
It is clear that the slope increases with time and the most acceptable value of 2 was obtained for a fixed time of 15 min. Therefore, the fixed time of 15 min was utilized for the assay of FEX concentration. As a result, the most acceptable values of the correlation coefficient and linear range were obtained for the initial rate (20 min) and fixed time (15 min) methods.
Thus, they were used for the determination of FEX in pure form and pharmaceutical formulations.
Analytical Method Validation

Calibration Graph.
After optimizing the reaction conditions, the fixed time was applied to the determination of FEX in pure form over the concentration range 2.5-50.0 g mL −1 . A linear relationship was found between the absorbance at max and the concentration of the FEX in the mentioned range. Analysis of the data gave the regression equation shown in Table 2 . Regression analysis of Beer's law plots reveals a good correlation. The graph shows negligible intercept and is described by the regression equation, = + (where is the absorbance of 1 cm layer, is the slope, is the intercept, and is the concentration of the measured solution in g mL −1 ) obtained by the least-squares method [34] .
LOD and LOQ.
The minimum level at which the investigated compound can be reliably detected (limit of detection, LOD) and quantified (limit of quantitation, LOQ) was determined experimentally for fixed time (15 min) method. The LOD was expressed as the concentration of drug that generated a response to three times of the signal to-noise (S/N) ratio, and the LOQ was 10 times of the S/N ratio. The LOD of FEX attained as defined by IUPAC [35] , LOD ( =3) = × / (where is the slope of the calibration curve and is the standard deviation of the intercept), was found to be 0.055 g mL −1 . The LOQ was also attained according to the IUPAC definition, LOQ ( =10) = × / , and was found to be 0.183 g mL −1 . Sandell's index represents the number of micrograms or nanograms of the determinant per milliliter of a solution having an absorbance of 0.002 for the cell path length of 1 cm and is a suitable parameter for expressing and comparing the sensitivity of developed spectrophotometric method. Sandell's sensitivity coefficient of FEX was found to be 0.088 g cm −2 per 0.001 absorbance unit ( Table 2 ). The high molar absorptivity of the colored product indicates the high sensitivity of the method. For more accurate analysis, Ringbom optimum concentration range was calculated [36] . Table 2 shows the values of molar absorptivity, Sandell's sensitivity, and some analytical characteristics for fixed time (15 min) method.
Accuracy and Precision.
The accuracy and precision of the proposed method were carried out by six determinations at four different concentrations. Percentage relative standard deviation (RSD%) as precision and percentage recovery as accuracy of the suggested methods were calculated and shown in Table 3 . The values of relative standard deviations for different concentrations of FEX are determined from the calibration curves. These results of accuracy and precision show that the proposed methods have good repeatability and reproducibility. The proposed methods were found to be selective for the estimation of FEX in the presence of various tablet excipients. For this purpose, a powder blend using typical tablet excipients was prepared along with the drug and then analyzed. The recoveries were not affected by the excipients and the excipients blend did not show any absorption in the range of analysis.
Stoichiometry of the Reaction.
The stoichiometry of the reaction was studied adopting the limiting logarithmic method [37] . The ratio of the reaction between FEX and KMnO 4 in alkaline medium was calculated by dividing the slope of KMnO 4 curve over the slope of the drug curve (Figures 7(a) and 7(b) ). It was found that the ratio was 1 : 1 (KMnO 4 to FEX). The proposal pathway of the reaction is given as Scheme 1 where potassium permanganate in alkaline medium oxidizes FEX from enolic to ketonic form and yields the bluish green color due to the production of manganate ion.
Application to the Pharmaceutical Dosage Forms.
The proposed techniques were applied to the tablets and capsules. The ingredients in the tablets and capsules did not interfere in the experiments. The applicability of the proposed methods for the assay of fexofenadine hydrochloride in formulations was examined by analyzing various formulations and the results tabulated in Table 4 were compared to the official HPLC method for fexofenadine hydrochloride [31] by means of -and -values at 95% confidence level. In all cases, the average results obtained by proposed methods and official method were statistically identical, as the difference between the average values had no significance at 95% confidence level. The low values of RSD show the results are reproducible. The proposed methods are simple, sensitive, and reproducible and can be used for routine analysis of fexofenadine hydrochloride in pure form and in formulations. The commonly used additives such as starch, lactose, glucose, and magnesium stearate do not interfere with the assay procedures.
Conclusion
The developed kinetic spectrophotometric method for the determination of fexofenadine hydrochloride in bulk and pharmaceutical formulations was sensitive, accurate, and precise. The limits of detection and quantitation were 0.055 and 0.183 g mL −1 , respectively. Potassium permanganate was used as an oxidizing agent in alkaline medium. The sample recoveries from all formulations were in good agreement with their respective label claims, which suggested noninterference of formulations excipients in the estimation. The developed method has more speed and higher sensitivity as compared to reported spectrophotometric methods and 
